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OU6 Toxicity Section 

INTRODUCTION 

An important objective of the OU6 charactemation is to use an integrated strategy in defining 
water quality The EPA authorizes an integrated approach that involves the measurement of 
water and sediment chemical make-up, whole effluent toxicity (WET), and biological conditions 
When the WET and biological monitoring approaches are used, it is possible to gain a better 
understanding of the additive effects that the water chemistry has on downstream aquatic 
systems and users 

The OU6 characterization included water and sediment toxicity tests on all OU6 ponds to 
measure possible contaminant effects on aquatic and benthic organisms This section will report 
the toxicity results and discuss the points of interest 

METHODS 

SamDlina Loca tions 
RFP has performed water toxicity tests from 1989 to present for NPDES permit outfalls (Sewage 
Treatment Plant (STP), 6-5 influent to A-4, A-4 Discharge, and C-2 Discharge) and other ponds 
in question Within OU6, there IS historic WET data for the STP effluent, 8-5, A-3, and A-4 
Ponds To avoid redundancy, the ponds that have not shown a history of water toxicity results 
were not re-tested Those excluded from water toxicity tests for this characterization include A-3 
and A-4 Ponds 

The locations tested for water toxicity are shown in Table 1 In addition to the ponds, DOE-RFO, 
EG&G, USEPA, and CDH selected sampling locations in Walnut Creek upstream from the ponds 
and at positions immediately downstream from significant tributaries (Figure 1) These additional 
locations were to be sampled during base flow and storm flow conditions 

There is no historic sediment toxicity testing in OU6 All of the OU6 ponds were chosen as areas 
of interest for sediment toxicity testing due to their downstream location from RFP and sediment 
loading (Table 1 and Figure 1) 

Water and sediment toxicity samples were taken as split samples with chemical analyses for all 
locations excluding control samples 

Laboratorv Methods 
There were two levels of water toxicity testing applied to the OU6 characterization the WET 
screen and WET dilution series 

The WET screen is an inexpensive test used first to determine whether toxicity exists The test is 
simplified with four replicates and a control In each replicate, five organisms were tested in a 
non-diluted water sample The control is made up of reconstrtuted water The SeaCrest Group 
performed the 48-hour tests using Cerrodaphnia dubla (water flea) and the 96-hour test using 
Pmephales promelas (fathead minnow) If there was no toxicity for the WET screen, the toxicity 
testing was completed for that sample site If toxicity existed, a second sample was taken and 
tested in a WET dilution series 

For the WET dilutions, water samples were subjected to acute replacement static toxiclty tests 
conducted in conformity with "Methods for Measunng the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms" USEPA 600/4-90 027 and the Region 
VlJl USEPA "NPDES Acute Test Conditions - Static Renewal Whole Effluent Toxicity " The WET 
dilution series IS made up of four replicates for a 100% sample, and four replicates each for 
samples diluted to 75%, 50%, 25%, and 12% of the sample water Five organisms are tested in 
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each replicate for each dilution Again, a control is run with reconstituted water in four replicates 
The SeaCrest Group performed the 48-hour test using Cenodaphnia dubia (water flea) and the 
96-hour test using Pmephales promelas (fathead minnow) The results were reported as the 
Lethal Concentration 50 (LC50) LCSO is the percent solution resulting in 50% death of the test 
population versus the control blank 

SeaCrest performed the chronic sediment toxicity tests on Hyalella azfeca in 28 day exposures 
and on Chironornus fentans in 10 day exposures ASTM Method E1383-90 described by Nelson 
et al (1990) was used The parameters measured, survival and growth, were compared to a 
sand control to determine significance of results 

The SeaCrest Group was not able to acquire enough Chironomus tentans from suppliers to run 
all of the sediment samples for OU6 The locations successfully tested included SW107, and A- 
3, A-4, B-3, B-4, and B-5 Ponds 

A large suite of organic, metal, and radionuclide data was gathered on the sediment samples 
The analytes examined included 55 organics, 26 metals, and 10 radionuclides 

RESULTS AND DISCUSSION 

w ! l Y  
Water toxicity tests for A-3 and A-4 Ponds were not performed because of an historic record of no 
toxicity A-5 Pond was not tested because its source water is A-4 Pond In 1991 and 1993, WET 
screens for the remaining ponds were run as a part of the OU2 and OU6 characterization and 
resulted in no toxicity except for 8-3, 8-4, and 8-5 Ponds 8-3, 8-4, and 8-5 Pond samples 
exhibited moderate toxicity (Table 2) 

These ponds receive STP effluent where ammonia levels are typically high In these samples, 
total ammonia ranged from 11-30 mg/L Unionized ammonia ("3) has been demonstrated to be 
the principle toxic form, not the ammonium ion (NH4+) (EPA 1986) 

Unionized ammonia in these samples based on pH and test temperature ranged from 0 3-2 6 
mg/L The EPA Quality Criteria for Water (1 986) lists unionized ammonia acute toxicity to 29 fish 
species from 0 08 to 4 6 mg/L For 19 invertebrate, species acute toxicity ranged from 0 53 to 
22 8 mg/L SeaCrest reports that acute effects occur for Cenodaphnia dubia at 0 86 and - 
P/mepha/es promelas at 0 3 to 0 5 mg/L (Fucik 1993) Total ammonia and toxicity decrease 
downstream from 8-3 to 6-5 due to nitrification/denitrification 

Water toxicity was again tested for the OU6 characterization using the dilution series on 6-3 and 
6-4 in April 1993 due to toxic results in the screen tests These tests resulted in no measurable 
toxicity (Table 2) Further B-5 Pond WET dilutions were not performed because of an abundance 
of historic dilution test results (Table 3) 

The base flow toxicity tests were conducted in April and May of 1993 These sites include all 
locations listed in Table 1 excludrng the ponds For this investigation, the term baseflow is 
operationally defined to be a hydrologic condition where a single precipitation event is not 
occurring 

During sampling, four of fifteen locations were dry (Table 2) At all other sample sites the LCsos 
were greater than 100% which indicates no measurable toxicity 

Storm flow samples were to be taken as splits wtth the chemistry on May 17, 1993, but due to a 
miscommunication, the toxicity samples were not taken 
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Sedi men t Toxicity 
Table 4 provides the results of the chronic sediment toxicity tests performed by SeaCrest Labs 
(SeaCrest 1993) Of the samples tested, only two showed a significantly lower survival rate than 
the sand controls performed in conjunction with the samples Site SW107 had H azteca survival 
rate statistically lower than the sand control SW107 and SW127 were chosen to represent 
background levels of sediment toxicity found outside the influence of the RFP discharges 
SW107 is along the western most boundary of RFP on Woman Creek (Figure 1) 

SW107 was sampled because it is out of the direct influence of Rocky Flats yet is within the plant 
boundary It is however, not out of the influence of human activities from offsite and may have 
been impacted from activities along Colorado Highway 93 or up-gradient cattle ranching 
Sampling error may also be responsible Furthermore, this site is different from pond sites in that 
it is at the head of a drainage which contains water from groundwater seeps The water is known 
to be lower in hardness than RFP pond water The chemical characteristics of this water are 
likewise different than RFP pond water in that it typically has lower concentrations of metals, 
organics, and less buffering capacity However, SW127 which is directly south of SW107 showed 
no toxicity to H azteca This sediment should have been very similar to SW107"s 

The other site with a significantly lower survival rate for Hyalella versus the control was pond 6-2 
The overall survival was 51 out of 80 organisms Chemical data on the pond sediments is 
available to compare with toxicity findings However, "[tlo assess the importance of types of in- 
place pollutants one must know more than how much of each chemical exists in the sediment It 
is necessary to know the forms in which the chemicals exist and how available they are to benthic 
organisms or to be transported (SIC) in the water column (de Bemardi 1990) 

To assess the apparent sediment toxicity in pond 8-2, only the ~~ of sediment 
associated radionuclides, metals, and organics are known The speciation or availability of each 
within the sediment is unknown So, for a first approach to determine a potential toxin or group of 
toxins causing 8-2 toxicity, the total levels of sediment associated chemicals in 6-2 Pond were 
compared with the levels found in several nontoxic ponds at RFP This assumes that the fraction 
of the total value which is actually biologically available is the same in each pond, so their total 
values can be compared 

B-1 and 8-3 Ponds were chosen as the nontoxic compansons to 8-2 since they showed no 
significant toxicity to Hyalella 8-1 and 8-3 Ponds are assumed to be very similar to 6-2 since 
they are located approximately 100 yards from 8-2, have similar geology, and are within the 
same watershed However, 8-1 and 8-2 are fed only by direct run-off, groundwater infiltration, 
and precipitation, while 8-3 receives effluent from the RFP STP as well as the sources whch feed 
B-1 and 8-2 Table 6 illustrates a comparison of the vanous sediment associated chemicals 
within each pond 

In examining the concentration of each toxic metal among the ponds, several are higher in 8-2 
than in B-1 (Table 6) All of the metals except arsenic were at lower concentrations in 8-2 
sediment than B-3 sediment However, nontoxic sediment from 6-4 Pond had higher 
concentrations of arsenic than 8-2 sediment Also, summing the concentrations of the toxic 
metals in each pond sediment, 8-2 Pond sediments were lower in total toxic metals than all other 
B-series ponds Hence, the sediment toxicity in 6-2 is probably not due to metal concentrations 
(Table 6) 

Pond sediments were analyzed for ten anthropogenic and natural radionuclides Also, gross 
alpha and beta radiation was measured Of the radionuclides measured, cesium-137, radium- 
226, and strontium-89,90 were higher in B-2 sediments than B-1 sediments (Table 6) Gross 
alpha and beta measurements of the sediment sample from 8-2 were lower than the 6-1 sample 
Hence, radiation is probably not the cause of toxicity in 8-2 sediments 

From comparison of the pond sediments, it is apparent that 8-2 is the least similar to other ponds 
in the concentration of organics in its sediments This is an indication that organic compounds 
may be the source of toxicity in 8-2 Pond Many of the organics were labeled as unknowns in 
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that they were not identified by the laboratory performing the analysis and were simply reported 
as an unknown at a particular concentration Therefore] from the available data and lack of 
definitive identification of many of the detected organics, the contaminant or contaminants of 
concern are not obvious 

Two other observations are noteworthy An estimated 2 gallons of diesel fuel were spilled into 8- 
2 in 1992 from a diesel powered transfer pump At least a few of the unknown organics found in 
8-2 were hydrocarbons Also, SeaCrest noted that the DO of this sample was among the lowest 
measured in the suite of samples tested (4 0) (Seacrest 1993) However, 8-3 Pond had a 
comparably low DO, but was not significantly toxic 

It is noteable that 8-5 Pond had a lower overall survival than 8-2 in the four replicate tests (48 out 
of 80 organisms, 20 organisms run per replicate test) However, the 8-5 test had a large variance 
and standard deviation between replicates (Table 5) Statistical companson (Dunnetts Test) of B- 
5 results to the sand control showed the differences in survival were not significant 

None of the samples tested showed average H azteca weights significantly lower than the 
controls for that test 

Survival of Chironomids was not statistically different in the samples versus their sand control 
SeaCrest noted the abundance of naturally occurring Chironomids in many of the samples 
(SeaCrest 1993) 

CONCLUSIONS 

Water toxicity tests for the pond and drainage sampling sites resulted in acute toxicity to 
Cer/odaphma dubia and Pmephales promelas for three locations 6-3, 8-4, and B-5 Unionized 
ammonia was at toxic levels for these samples The second testing of 8-3 and 8-4 Ponds 
resulted in no toxicity There is an abundance of historic data for 8-5 with high unionized 
ammonia concentration periodically 

One pond in OU6 resulted in measurable sediment toxicity 8-2 sediments were toxic to Hyalella 
azteca The Hyalella sp survival rate was significantly lower than the sand controls performed in 
conjunction with the samples The distribution of toxicity as well as chemical contamination in 8-2 
Pond should be examined in detail Though rt appears upon first analysis that organic 
compounds are the prime interest for understanding toxicity in 8-2, other categones of 
contaminants must not be ruled out Thorough analysis of the "unknown" organics in 8-2 
sediments is required Careful data analysis and literature studies should help illuminate the 
availability of sediment associated chemicals in B-2 sediments 
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NOTES 
(1) NA = Not applicable These locations were not tested due to historic non toxiuty 
(2) NA = Not Applicable These locations were not tested for sediment toxicity 
(3) NTO I No test organisms An adaquate supply of Chironomids was not avalable 
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